Background Although injury to the lateral femoral cutaneous nerve (LFCN) is a known complication of anterior approaches to the hip and pelvis, no study has quantified its' incidence in anterior arthroplasty procedures. Questions/purposes We therefore defined the incidence, functional impact, and natural history of LFCN neuropraxia after an anterior approach for both hip resurfacing (HR) and primary total hip arthroplasty (THA). Methods We followed 132 patients who underwent an anterior hip approach (55 THA; 77 HR). We administered self-reported questionnaires for sensory deficits of LFCN, neuropathic pain score (DN4), visual analog scale, as well as SF-12, UCLA, and WOMAC scores at one year postoperatively. A subset of 60 patients (30 THA; 30 HR) was evaluated at two time intervals. Results One hundred seven patients (81%) reported LFCN neuropraxia with a mean severity score of 2.32/10 and a mean DN4 score of 2.42/10. Hip resurfacing had a higher incidence of neuropraxia as compared with THA: 91% versus 67%, respectively. No functional limitations were reported on SF-12, WOMAC, or UCLA scores. Of the subset of 60 patients followed over an average of 12 months, 53 (88%) reported neuropraxia at the first followup interval with only three (6%) having complete resolution at second followup. Improvement in DN4 scores was observed over time: 3.6 versus 2.5, respectively. Conclusions Although LFCN neuropraxia was a frequent complication after anterior approach THA, it did not lead to functional limitations in our patients. A decrease in symptoms occurred over time but only a small number of patients reported complete resolution.
Introduction
The soft tissue-preserving nature of the anterior or Hueter hip approach combined with the relatively low risk of dislocation has generated an interest in this exposure for hip arthroplasty over the last decade [47] . The anterior approach is muscle-splitting, and the only true internervous approach to the hip [5, 8] . It leaves the hip abductors and posterior soft tissue envelope intact, and provides the added advantage of preserving femoral head blood supply when performing hip resurfacing [8] . Several large series using this approach for THA, as well as a growing body of literature for hip resurfacing, suggest that this approach produces accurate and reproducible results with regard to component position and Each author certifies that he or she has no commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. Each author certifies that his or her institution has approval for the human protocol for this investigation and that all investigations were conducted in conformity with ethical principles of research. leg length restoration, with no increase in dislocation rates [32, 33, 41, 53, 59, 61] . In smaller community hospital settings, concern has been raised regarding trochanteric fractures; Woolson and associates reported a 5.7% incidence [66] in their series of anterior approach THA. However, two larger multicenter studies found this incidence to be only 1% in over 1100 patients [59, 61] . In all three studies, the risk of dislocation was less than 1%. This is critical as other branded ''less invasive surgical approaches'' have been associated with major complications and no real added benefit in terms of patient function and/or recovery [65] .
Despite these promising results, the incidence of injury to the lateral femoral cutaneous nerve (LFCN) in anterior approach arthroplasty procedures is unknown in spite of anecdotal concerns. This nerve is at particular risk with other anterior approaches to the hip, such as pelvic osteotomies and iliac crest bone graft harvesting [9, 19, 28, 32, 42, 43, 67] . Although injury to the LFCN does not represent a major neurologic complication as compared with the potentially catastrophic outcomes of sciatic and femoral nerve palsies [4, 20, 21, 23, 31, 54, 55] , its incidence after joint arthroplasty through an anterior approach is not well reported [39, 49, 57, 61] .
Patients with injuries to the LFCN typically report numbness and/or a burning sensation on the anterolateral thigh and, in worst cases, of dysesthesias. The common involvement of the LFCN with anterior approaches to the iliac wing or to the hip is believed to be the result of the wide variability in its regional anatomy [16, 28, 37, 42, 46, 48, 55] . The nerve is particularly variable at the level of the anteroposterior iliac spine and the inguinal ligament [14, 16, 22, 28, 48, 60] . It is also vulnerable distally as it emerges from the sartorius muscle or through the interval between sartorius and the tensor fascia lata [5, 8, 38] and then arborizes into the anterior and posterior branches, which supply the cutaneous area of the anterolateral thigh [5, 21, 43, 46] . Consequently, not only can the nerve be injured at various levels, but also through various mechanisms, including stretching, compression, laceration, and involvement in scar tissue formation [15, 16, 22, 28, 30, 36, 44, 55, 67] (Fig. 1 ). In addition, the risk of permanent or temporary neurologic impairment to the LFCN could range from a temporary neuropraxia to a painful neuroma with symptoms analogous to meralgia paresthetica.
The objectives of this study are to (1) define the incidence of LFCN neuropraxia after THA, including both stem-type direct anterior approach (DAA) THA and hip resurfacing, (2) identify risk factors associated with this complication; (3) determine the impact of LFCN neuropraxia on patient function; and (4) describe the natural history of LFCN neuropraxia.
Patients and Methods
We followed 132 patients who underwent DAA hip arthroplasty between September 2006 and January 2008. We included all patients during this interval who were (1) skeletally mature; (2) had primary THA or resurfacing arthroplasty; and (3) had no prior hip surgery. There were 70 males and 62 females with a mean age at surgery of 55.5 years (range, 29.9-88.7 years). Over 80% of patients had a diagnosis of osteoarthritis. Fifty-five patients, or 41.7%, underwent THA and 77 patients, or 58.3%, had hip resurfacing. Fifty-five procedures involved the left hip, 77 involved the right hip, and 15 patients had bilateral procedures. The mean body mass index (BMI) was 27.6 kg/m 2 (range, 18-44 kg/m 2 ). The mean followup for this group was 13.4 months (range, 8.4-26.5 months). Approval was sought and obtained from the hospital Institutional Review Board, and the research was performed in accordance with the 1964 Declaration of Helsinki's ethical standards. Before surgery, we obtained informed consent for study participation.
All surgery was performed by two surgeons (PB, PK) experienced in adult hip reconstruction. Patients were placed either supine on a specialized positioning table or on a standard orthopaedic operating table based on surgeon preference. The incision began 2 cm lateral and distal to the anterosuperior iliac spine and proceeded distally for up to 10 cm along a line angling toward the fibular head, centered over the greater trochanter [10] . The fascial sheath over the tensor was incised with the muscle belly retracted laterally (Fig. 2 ). The rectus femoris was then mobilized medially after releasing the fascia. An anterior and lateral capsulectomy was then performed [10] .
Of the 132 patients, we retrospectively evaluated a subsample of 60 patients with followup at two time intervals to assess the natural history of LFCN neuropraxia, which we defined as the presence of any one of three symptoms: numbness, tingling, or burning in the anterolateral thigh. These patients were chosen based on having completed all questionnaires and functional outcome scores at two separate time intervals. The mean followup was 5.7 months (range, 2.6-9.0 months) at the first assessment and 12.3 months (range, 8.4-20.8 months) at the second assessment. The average length of time between interval followups was 6.6 months (SD, 2.48). Thirty patients (50%) underwent THA and 30 patients had a resurfacing procedure. Participants in this subset included 30 females and 30 males with a mean age at surgery of 58.1 years (range, 38.4-77.4 years) and a mean BMI of 28.3 kg/m 2 (range, 19-44 kg/m 2 ).
In the absence of a validated diagnostic tool for LFCN neuropraxia, patients responded to a standardized, inhouse, self-reported questionnaire documenting sensory disturbances in the LFCN distribution at the first and second postoperative visit (see Appendix 1) . Patients were asked if they had experienced any symptoms (numbness, tingling, burning) on the front or outer area of the thigh since the time of their surgery, the date it started, and whether those symptoms had resolved. Severity of the neuropraxia was assessed by (1) a visual analog scale, in which 0 indicates that the symptoms are ''not at all bothersome'' and 10 indicates ''severely disabling: symptoms; and (2) the DN4 score, a two-part interview and physical examination scored out of 10, which documents sensory changes on clinical history and correlates this to dysesthesias to touch and painful stimuli in the affected area as assessed by a clinician. The DN4 is a validated diagnostic tool to estimate the probability of neuropathic pain, in which a score of 4 or greater is considered a positive test (sensitivity, 82.9%; specificity, 89.9%) [13] . The tool was developed by the French Neuropathic Pain group, who identified discriminating properties of neuropathic pain in a group of 160 patients with known neurological or somatic lesions, in order to formulate a reproducible questionnaire with the psychometric properties to diagnose neuropathic pain [13] .
Lastly, we obtained a WOMAC Osteoarthritis Index (Pain, Stiffness, and Function subscales) [7] , SF-12 (Mental and Physical Component subscales) [64] , and the UCLA Activity Rating Scale [6] functional outcome scores for all patients. Higher scores reflect a higher level of functioning.
We used logistic regression to determine whether age, procedure, BMI, or gender were associated with LFCN neuropraxia. To assess the impact of LFCN neuropraxia on patient function, we used Mann-Whitney U tests to compare differences in the three functional scores between patients reporting neuropraxia versus those with no symptoms. We assessed the correlation between DN4 scores and functional scores for those patients who reported LFCN neuropraxia using a Pearson correlation. In evaluating the natural history of LFCN neuropraxia, a chi square analysis was performed on the subsample of 60 patients to determine the proportion of patients who reported neuropraxia at the early followup interval and had resolution of symptoms at the second interval. We used Wilcoxon signed rank tests to assess the change in symptom severity and the DN4 score between the two testing intervals. All statistical analyses were performed using SPSS1 15.0 for Windows1 (SPSS Inc, Chicago, IL).
Results
One hundred seven of 132 patients (81%) reported sensory deficits in the anterolateral thigh area with a mean severity score of 2.32 out of 10 (SD, 2.11; range, 0-10) and a mean DN4 score of 2.42 out of 10 (SD, 2.37; range, 0-9).
Hip resurfacing was associated with a higher incidence of neuropraxia as compared with THA; 70 of the 77 patients who underwent resurfacing (91%) reported LFCN neuropraxia as compared with 37 of the 55 patients (67%) who had THA (p = 0.02). However, we observed no differences in the severity of symptoms as measured by the visual analog scale (p = 0.32) or the DN4 (p = 0.96) Fig. 2 Location of incision for anterior approach being centered over the tip of the greater trochanter and 1-2 cm lateral to anterosuperior iliac spine. Inset shows dissection performed within the tensor fascial sheath.
Volume 468, Number 9, September 2010 LFCN Neuropraxia After Anterior Approach 2399 between resurfacing and THA patients. We found no association between LFCN neuropraxia and age (p = 0.96), BMI (p = 0.59), or gender (p = 0.62). We observed no difference between patients who reported neuropraxia versus those with no symptoms on the following functional outcome measures: UCLA (p = 0.31), WOMAC Pain (p = 0.58), WOMAC Stiffness (p = 0.14), WOMAC Function (p = 0.74), SF-12 Physical Component Subscale (p = 0.71), or SF-12 Mental Component Subscale (p = 0.81) (Table 1 ). Furthermore, there was no association between DN4 scores and functional outcome as measured by UCLA (p = 0.89), WOMAC Pain (p = 0.52), WOMAC Stiffness (p = 0.74), WOMAC Function (p = 0.67), SF-12 Physical Component Subscale (p = 0.66), or SF-12 Mental Component Subscale (p = 0.94).
In the subset of 60 patients assessed at two time intervals, 53 of the 60 patients, or 88.3%, reported neuropraxia at the early followup (mean, 5.3 months). At the second interval (mean, 12.3 months), only three of these 53 patients (5.7%) reported complete resolution of symptoms. Patients who reported neuropraxia at both testing intervals showed no change in symptom severity (2.83 and 2.64 out of 10 at first and second assessments, respectively, p = 0.85) but did report an improvement in DN4 scores, 3.6 to 2.5 out of 10 at first and second assessments respectively (p = 0.02).
Discussion
In contrast to other surgical approaches to the hip, the anterior approach follows a well-delineated internervous plane and provides direct access to the hip with minimal muscle retraction. However, the LFCN and its branches are within the field of dissection and at risk of injury. The primary purpose of our study was to document the incidence and risk factors associated with LFCN neuropraxia after DAA THA and HR, to evaluate its impact on functional outcomes as well as to determine its natural history.
Several study limitations have been identified. First, the study is limited by patient reporting, which relies on patients' recollections of their own symptoms and can be difficult to quantify. In the absence of a validated standardized tool for documenting injuries of the LFCN, our questionnaire captured an array of symptoms, and correlated these to the timing of the surgical procedure. Furthermore, the inclusion of the DN4 collates clinical symptoms with physicians' findings, and is validated to identify neuropathic pain [13] . Second, no imaging was performed to rule out other causes of neuropathic pain, such as MRI [12, 25, 28, 43, 48, 67] or ultrasonography, to characterize the nature of the nerve injury [62] . Other studies have included electrophysiology, nerve conduction studies, and somatosensory evoked potentials [16, 18, 20, 30, 36, 58] . We identified only patients who developed symptoms immediately postoperatively, pointing to a more likely involvement of the LFCN considering proximity of the skin incision to the path of the nerve. Third, variability in followup creates a challenge in making definitive statements about natural history; 45% of the cohort completed all study parameters at both followups, and these intervals had wide ranges secondary to patient compliance. A selection bias may have been introduced, as patients with neuropraxia may have self-selected to more consistently return for followup at set intervals. Further, patients with shorter followup intervals may not have had sufficient time to improve as compared to those who were assessed at a longer followup interval.
Injury to the lateral femoral cutaneous nerve (LFCN) has most commonly been associated with iliac crest harvest for bone grafting, acetabular fixation, and pelvic osteotomies [28] , with reported rates of 4.5% to 37% [2, 3, 17, 24, 26, 27, 32, 35, 68] . The literature is sparse with respect to its investigation in anterior arthroplasty procedures. A multicenter observational study reported 13 neurological complications in 1,152 DAA THA patients: 7 LFCN palsies, one anterolateral thigh paresthesia and five cases of lateral thigh numbness [61] . Seng reported two transient LFCN paresthesias in 182 anterior THA, both of which resolved [57] . In a recent prospective randomized controlled trial comparing lateral to anterior approach THA, Restrepo reported a 2% rate of LFCN neuropraxia in 50 DAA THA [49] . The incidence reported in our series was 81%, higher than in other series. We suspect LFCN neuropraxia is underreported. Being aware of the issue we specifically asked each patient in great detail about periincisional and anterolateral thigh sensory changes. The majority of our patients did not volunteer this information, and only admitted to a presence of findings when asked specifically. Similarly, Lovell reported that the majority of patients had some numbness in the lateral and distal aspect of the incision after anterior approach total hip arthroplasty [39] . The ATHAC investigators distinguished between LFCN and anterolateral thigh paresthesias [61] ; perhaps LFCN neuropraxia is overrepresented in our sample due to the confounder of peri-incisional sensory changes, however, differentiating the two is difficult. A clearer definition of this nerve lesion clinically and by imaging will provide us with a better understanding of its' etiology as well as natural history. In the future, it may be worth comparing rates of LFCN neuropraxia in anterior approach with periincisional numbness from other hip approaches. One factor that may have also influenced the presence of LFCN neuropraxia is how lateral the incision was to the ASIS (Fig. 2) . Unfortunately, we did not assess the variability of the placement of our incision with respect to the ASIS but did do the dissection in every case within the tensor fascial sheath.
Hip resurfacing was identified as a risk factor for LFCN neuropraxia, and we postulate the longer incision over arborized branches of the LFCN, in addition to the increased retraction needed for femoral head-neck preparation may be culprits. The etiology of LFCN neuropraxia is likely multifactorial [8, 21, 28] . Intraoperative modifications to avoid injury include lateralizing the skin incision, strict subfascial dissection within TFL [38] and avoidance of medial subcutaneous fat pad dissection, and rigorous retraction of the rectus femoris during component implantation [5, 8, 28] .
Meralgia paresthetica was first described as a spontaneous entrapment of the main trunk of the LFCN [9, 16, 28, 48, 51] ; it is now loosely applied to any involvement of the LFCN [48] . Our findings suggest that LFCN neuropraxia is not analogous with meralgia paresthetica; this is comparable to Lovell's series wherein less than 1% of his cases of neuropraxia resulted in meralgia paresthetica [39] . Our patients' pain scores were minimal and no functional impairments were discernable; in fact the functional scores at both followups were comparable to those in a large series of patients undergoing anterior approach THA [61] . Peri-incisional dysesthesias after DAA THA may in fact be analogous to injury of the infrapatellar branch of the saphenous nerve (IPBSN) [29] in ACL reconstruction and TKA, in which numbness around the surgical wound is neither uncommon nor functionally impairing. Incidence ranges from 4% after TKA to up 88% after ACL reconstruction [1, 11, 34, 40, 45, 52] . Similar to our findings, the clinical ramifications of an injury to the IPBSN, a cutaneous nerve, are few [1, 52] .
The incidence of LFCN neuropraxia did not decrease substantially over time in our subsample, with only 3 patients going on to full resolution. In Seng's series, the authors reported resolution of LFCN neuropraxia in both of their patients, however, it was not clear how the neuropraxia was identified or followed [57] . Our findings, in conjunction with a large body of literature on the resolution of meralgia paresthetica [9, 14, 18, 21, 37, 42, 43, 46, 48, 50, 51, 56, 63, 67] suggest that DAA associated LFCN neuropraxia may be a transient sensory disturbance which is slow to resolve. Regardless, patients should be advised preoperatively of the incidence of LFCN neuropraxia. In future, larger numbers and longer, less variable followup is needed to better delineate the natural history of this neuropraxia as well as ways to minimize its incidence.
Patient ID_____________________________________________________ Date of surgery _______________
Side: Left _____ Right _____ Date today ___________________ Gender:
Male _____ Female____
All of these questions refer to the leg that you had your surgery on: o N s e Y Have you had any numbness on the front of your thigh or on the outer part of your thigh since your surgery? Have you had any tingling on the front of your thigh or on the outer part of your thigh since your surgery? Have you had any burning on the front of your thigh or on the outer part of your thigh since your surgery? ***If you haven't experienced these symptoms, you are done the questionnaire*** 
